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Abstract: The data from a permanent monitoring station, based on a sound card as

an AD/DA converter and a magnetic loop antenna for continuous recording of electro-

magnetic field intensities in the Very Low Frequency (VLF) range, were recorded and

compared with data from a seismic station based on Raspberry Pi located in a landslide-

affected area. The stations operated 24/7 and were placed in a room below ground

level. Correlations were observed between seismic signals in the frequency spectrum from

0.1 Hz to 10 Hz (some extending beyond 20 Hz) and anomalies in the electromagnetic

field in the VLF range. These anomalies are likely associated with micro-fracturing,

piezo-electromagnetic, and triboelectric phenomena within the landslide body, producing

relatively weak VLF emissions and a faint seismic signal. A single-component 4.5 Hz

395 Ohm vertical Racotech RGI-20DX geophone with electronic extension to lower fre-

quencies (<1 Hz) was used with a sampling rate of 100 sps (samples per second). VLF

emissions cover almost the entire spectrum from 6 kHz with a peak at 14 kHz to 18 kHz.

The received spectrum was divided into following sections: VLF band 4 kHz – 6 kHz;

6 kHz – 8 kHz; 8 kHz – 10 kHz; 10 kHz – 12 kHz; 12 kHz – 14 kHz; 14 kHz – 16 kHz; 16 kHz –

18 kHz. Simultaneously, there were changes in these sections analysed and compared with

the seismic record within the same time interval.
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1. Introduction

Several authors from various scientific fields, including geology, geophysics,
and electrical engineering, have explored the issue of electromagnetic emis-
sions on slopes affected by landslides (Mastow et al., 1989a; Mastow et al.,
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1989b; Kharkhalis, 1995; Vyb́ıral, 2002; Blaha and Duras, 2004; Fabo et al.,
2004; Jaroševič and Kundraćık, 2004; Koktavý and Šikula, 2004; Maniak,
2015; Maniak and Mydlikowski, 2023). The generation of electromagnetic
emissions in the geological environment had been studied for decades by
both domestic and foreign scientists from various geoscience areas (Hanson
and Rowell, 1980; Gershenzon and Bambakidis, 2001; Koktavý and Šikula,
2004; Rabinovitch et al., 2000; Takeuchi and Nagahama, 2006; Hayakawa,
2015). Laboratory experiments and field observations had revealed that
electromagnetic emissions are primarily generated in rocks and the geologi-
cal environment through piezo-electromagnetic phenomena, triboelectricity
(Adler, 2001; Eccles et al., 2005; Heister et al., 2005), and streaming po-
tential of electrolyte flowing through pores in rocks (Reppert et al., 2001).
EM emissions also had occurred during the propagation of fractures where
crack walls create an electric charge that varies over time during the prop-
agation of the crack (Krumbholz, 2010). Slope movements in the area could
manifest as slides, slumps, surface creeping, and soil collapses (Otepka et al.,
1983). Additionally, debris flows, extensional erosional grooves (formed by
a combination of rainfall erosion and the removal of fine material along with
extension caused by the “flowing” of the slope with a motion vector parallel
to the length of the erosional groove), and classic rotational-translational
landslides could be observed in the field. The activity of landslides in the
studied area is influenced by climate changes and the erosive activity of the
Váh River. The goal of the study is to compare the seismic response of move-
ment on the landslide mass (Arattano et al., 1999; Amitrano et al., 2007;
Tonnellier et al., 2013; Fiorucci et al., 2022) with in-situ VLF anomalies.

2. Material and methods

2.1. Settings and technologies

VLF acquisition:

There were recorded 24/7 time series of the seismic component along with
the time series of VLF electromagnetic field intensity using a combined
geophysical station. These have provided continuous measurement of the
electromagnetic field in the Very Low Frequency (VLF) range (Figs. 1, 2)
and continuous measurement using a seismometer (Arattano et al., 1999;
Amitrano et al., 2007; Tonnellier et al., 2013; Fiorucci et al., 2022).
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Fig. 1. The position of the VLF EasyLoop antenna, VLF earth probes, and seismometer
in the field. The loop antenna is highly directional and is oriented parallel to the slope,
N–S.

Our station is located in an area of active slope movements on the west-
ern edge of the Nitrianská “Zálužianska” hills near the village of Vinohrady
nad Váhom in the Galanta district (Slovakia). There is a sound card labeled
ADA-71 USB with a CMedia CM6206 chipset and a sampling frequency of
48 kHz or Behringer UMC HD204 with 192 kHz sampling rate used to re-

Fig. 2. Description of the antenna system components (loop H-field antenna and earth
probes) and ADC converter along with the injection of the 1PPS signal NTP and GPS-
TIME.
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ceive Very Low-Frequency waves. An amplifier based on OP27 for the Very
Low-Frequency range is connected to the input of the sound card, installed
directly on the magnetic loop antenna (Fig. 1) with NNE–SSW orientation
approximately parallel to the base of the hills and with minimal noise in
that direction (Fig. 2). When it comes to receiving the magnetic and elec-
tric components, only one is received if PPS is used because it goes into the
second input of the sound card. If PPS is not used (we calibrate using, for
example, DCF77 or DHO23), it is possible to record both components as
the Left channel for, e.g., magnetic, and the Right channel for the electric
component. They are recorded separately into one file, which is then split
into the right and left channels and analysed separately. Before entering
the sound card, a transformer is used in both cases, specifically the SP70
model. If a PPS signal is introduced for calibration, the transformer is not
used, but a 50 kOhm potentiometer is used instead because the PPS signal
from GPS is too strong and needs to be attenuated (Fig. 2).

Geological and tectonic setting of landslides belt “Hlohovec – Sered’”
based on field work and field observation is described in work Hoffman
(2022).

A recording VLF station and a seismometer are continuous monitoring
stations that record VLF electromagnetic fields within specified frequency
ranges and ground tremors in the landslide area. VLF and seismic the sta-
tion uses GPS and/or NTP timing (sudo systemctl start ntp in terminal)
and we use the DHO38 station for oscillator correction. The second perma-
nent VLF station located about 4 km south uses GPS timing and uses the
DCF77 signal and/or the 1PPS signal from GPS to correct the oscillations
of the oscillator. This receiving system, as implied by the antenna type,
captures the magnetic component of the electromagnetic field in the Very
Low-Frequency range. The sound card is connected to a laptop running
on UBUNTU OS v.22 (Linux), where the SpectrumLab recording software
(Buescher, 2020) is running (Fig. 3). The exact description of recording
methodology of the electromagnetic field in the VLF band is provided in
the previous article (Hoffman, 2023). The visualization, saving, and anal-
ysis of received electromagnetic spectrum is provided with this software.
The received spectrum is divided into following sections: VLF band 4 kHz –
6 kHz; 6 kHz – 8 kHz; 8 kHz – 10 kHz; 10 kHz – 12 kHz; 12 kHz – 14 kHz;
14 kHz – 16 kHz; 16 kHz – 18 kHz, 18 kHz – 23 kHz and as a whole, 4 kHz –
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18 kHz (if necessary), each section graphically visualized as a line graph of
VLF EM field intensity (dB) over time (Fig. 3).

Fig. 3. Example graphic record from permanent VLF station of intensities over time
in the divided electromagnetic field (magnetic component) in 2 kHz-wide sections using
SpectrumLab software. Dated February 24th, 2023, spanning from 07:25 to 08:45 UTC.

Frequencies below 4 kHz are not being analysed due to the intensity of
artificial noise in this range. The width of the received radio band depends
on the sampling frequency of the sound card (AD/DA converter). In our
case, the sampling frequency is 48 kHz or 192 kHz, allowing us to monitor
the VLF band from DC to 24 kHz or up to 91.5 kHz.

Seismic acquisition:

The VLF recording system is complemented by a seismometer based on
Raspberry Pi v.4 (Fig. 4). This plug-and-play seismometer is equipped with
infrasound recording (a comparison of VLF field and infrasound changes
will be published later). The operating system of the seismometer con-
trol unit is Debian 8 (Linux). The data format for recording seismic data is
miniSEED compatible with various seismic applications such as SeisComP3,
Earthworm, Antelope, and others. The data is regularly transmitted to the
USGS seismic network via the Swarm program.

Geophone setting:

The geophone itself is a single-component 4.5 Hz 395 Ohm vertical Racotech
RGI-20DX geophone with electronic extension to lower frequencies (<1 Hz)
with a sampling rate of 100 sps. The frequency range of the geophone is
−3 dB points at 0.7 and 44 Hz. The applied filters are: −1 (0.16 Hz, single-
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pole high-pass filter), −3.03×2 (0.48 Hz, double-pole high-pass filter), −666.67
(106 Hz, single-pole low-pass filter). The sensitivity of the geophone is
3.996500E+08 counts/meter/second +/− 10% precision. Timing is ensured
using the NTP protocol, with timing quality remaining within 1 sample
of accuracy versus startup accuracy: +/− 10 ms or better for 100 sps
(Raspberry manual, https://manual.raspberryshake.org/). Data con-
nectivity is provided by a 4G modem. Daily records are downloaded from
both devices over an 8-hour time span, primarily from 22:00 UTC to 06:00
UTC.

Fig. 4. A seismometer based on Raspberry Pi, combined with the measurement of infra-
sound, utilizing the Raspberry Shake platform (https://manual.raspberryshake.org/).

This time range was chosen to minimize anthropogenic noise during these
night-time hours and was adjusted based on the noise intensity in the vicin-
ity. Daily records from other time intervals of the day were archived but
have not been analysed yet. Downloaded data from the seismometer during
the specified time period are converted from miniSEED format to graphical
form using the Swarm program. The time series is plotted with time on the
“x” axis and intensity on the “y” axis. Seismic data is filtered using the
web interface of the seismometer in the frequency range of 0.1 Hz – 1 Hz,
0.7 Hz – 2 Hz, and 3 Hz – 7 Hz. The filter used is adopted from earlier works
on seismic response to landslide masses, mainly from the work of Amitrano
et al. (2007), Yamada et al. (2012), Tonnellier et al. (2013) and Lin et al.
(2015).
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Subsequently, data from the VLF monitoring station is downloaded for
the same time interval as the seismometer. The data from the VLF sta-
tion is in text format (*.txt), which is converted into a tabular form using
MS Excel. Tabular intensity data for each VLF band (8 kHz – 10 kHz;
10 kHz – 12 kHz; 12 kHz – 14 kHz; 14 kHz – 16 kHz; 16 kHz – 18 kHz, and
as a whole 4 kHz – 18 kHz or up to 18 kHz – 23 kHz) is graphically rep-
resented in an “x, y” graph, similar to the seismic data, showing the de-
pendency on time (axis “x”). Combination of obtained time-graphic records
from both channels (seismic and VLF channels) are visually unified with
the same time intervals and simultaneously compared of both components.
There is necessary to exclude all peaks caused by thunderstorm activity,
which significantly influence recording time of the VLF spectrum, mainly in
the range from 4 kHz to 15 kHz with a peak at 11 kHz. Data from seismo-
gram to download are available on: https://data.raspberryshake.org/
fdsnws/dataselect/1/builder (Raspberry data).

2.2. Data evaluation methodology

Prepared data were subjected to a mathematical correlation analysis. Pear-
son correlation coefficient ‘r’ was used for calculation of the correlation
coefficient, using following formula (1) (Pearson, 1907):

r =

∑

(xi − x̄)(yi − ȳ)
√

∑

(xi − x̄)2
∑

(yi − ȳ)2
, (1)

xi, yi are the values of the variables “x” (intensity of VLF signals) and
“y” (seismic signal), x̄, ȳ are the means of the variables “x” and “y”. This
formula can be used to calculate the Pearson correlation coefficient (denoted
as r) for two sets of data, “x” and “y”. The closer r is to 1, the stronger
the positive correlation. The closer r is to −1, the stronger the negative
correlation.

If coefficient r is close to 0, it indicates little or no correlation between
the variables. The equation (2) was used for calculation of expected radio
anomalies frequency, where tprop is the crack propagation time in the rock
material with the crack length lfrac in the rock block, considering that the
crack propagation speed could be close to the speed of seismic P waves.

The length lfrac is the characteristic length of cracks observed in the field,
created under the given conditions in the given rock environment in the area

73
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we investigated (Hoffman, 2023), and that is about 1m. In the calculation
of the frequency of anomalies, the (seismic) propagation velocities of cracks
enter approximately 1100 – 2500 m.s−1 for clay a 1500 – 2000 m.s−1 for wet
sands (Schumann et al., 2014).

tprop =
lfrac
vseis

[s] . (2)

To calculate the rate of crack formation, there was used the inverse value
(3) of the calculated crack propagation time (Martinelli et al., 2020):

fanom =
1

tprop
[Hz] . (3)

Generally in the literature, there are various relations (4) for calculating the
frequency of the electromagnetic field generated by crack propagation, for
instance as the one described by Martinelli et al. (2020) as follows:

ω =
vel · π

b
[s−1] , (4)

where ω is the frequency of the EM emission, vel represents the Rayleigh
velocity, and “b” is the width of the crack. However, Martinelli et al. (2020)
use the Rayleigh velocity, while in our calculation there was only seismic
P wave velocity considered because of the material compression. Accord-
ing to the calculation, there were expected radio anomalies caused by the
above-mentioned processes (piezo-electromagnetic phenomenon, triboelec-
tricity etc.) on the slide surface in the frequency band from 15 kHz to
23 kHz.

3. Results

In the time records of electromagnetic field intensity in the VLF spectrum
and seismic signals, there were observed significant similarities in the signals
in the time 00:22:45 to 00:24:50.

The VLF spectrum, with a “custom” filter applied, has started at 6 kHz
and has ended at 18 kHz, divided into 2 kHz segments. The seismic signal
was filtered as well, primarily in the frequency range from 2 Hz to 10 Hz,
as there was interest in local quakes. Global earthquakes are observable in
the frequency range of 0.1 Hz – 0.8 Hz or in the range of 0.7 Hz to 2 Hz for
regional earthquakes.
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The recorded anomaly in the VLF spectrum consists of two segments.
The first was a peak at time 00:23:00, recorded in the VLF range from
11 kHz to 18 kHz, defined by a change in intensity of +3.7 dB. The range
from 6 kHz to 10 kHz was not affected by this event. The same peak could
be observed on the intensity scale of the seismic signal. Subsequently, af-
ter this first event, operationally termed the “initialization event”, another
longer event followed, characterized by an increase in the intensity of the
VLF electromagnetic field by 6.8 dB with small fluctuations during the
maximum duration (Fig. 5). In the seismic record, there was observed an
identical signal at the same time with the same duration. The event was
lasting for 50 seconds at its peak without the initial peak in both records.

Through mathematical correlation analysis of the entire record, there
was obtained a correlation coefficient value r = 0.84, representing a rel-
atively strong correlation between the VLF signal and the seismic signal

Fig. 5. Time course of changes in the VLF EM field and the time course of the seismic
signal on May 16th, 2023, from 00:00:03 to 00:41:31, location Stoček.
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during the event on nearby landslide bodies in the vicinity, either around
the active landslide between Kamenica and the Stoček site, with evident
terrain deformations during recorded period.

The highest correlation was captured in the VLF range of 16 kHz – 18 kHz
(Table 1). These radio emissions originating from the geological environ-
ment were precisely in the range that had been expected through phenomena
outlined in Hoffman (2023).

Table 1. Results of mathematical correlation analysis of the entire time interval of VLF
divided into 2 kHz segments from 6 kHz to 18 kHz and the seismic signal.

Time
shift (s)/ 6k–8k 8k–10k 10k–12k 12k–14k 14k–16k 16k–18k 4k–18k

VLF (kHz)

−5 −0.031 0.011 0.670 0.758 0.735 0.783 0.751

0 −0.037 0.035 0.728 0.806 0.779 0.828 0.795

5 −0.042 0.056 0.751 0.824 0.796 0.840 0.811

10 −0.045 0.074 0.749 0.812 0.788 0.827 0.800

15 −0.035 0.066 0.716 0.772 0.755 0.793 0.765

20 −0.019 0.057 0.668 0.721 0.707 0.742 0.715

25 0.0073 0.054 0.611 0.661 0.649 0.682 0.657

30 0.0309 0.056 0.563 0.612 0.607 0.639 0.616

35 0.0503 0.053 0.537 0.590 0.586 0.617 0.595

The data in the seismic record are in ‘counts’, where 3.27508E9 counts
represent motion of 1 m.s−1. Mentioned event on May 16th, 2023, was one
of the most significant ones that had been managed to be recorded.

The entire recording length was approximately 41.5 minutes and was cap-
tured from 00:00:03 to 00:41:31 (all recordings are from night-time hours).
In subsequent recordings, there wasn’t such a high correlation coefficient
achieved. This was explained by the fact that there was a minimum of in-
put noise from the surroundings on that day, and the anomalies were truly
significant, contrasting sharply with the noise in both the VLF and seismic
signals.

Another record presented in this paper is from June 1st, 2023, from
04:00:03 to 04:46:36. Also this one was a night-time or early-morning record-
ing. There was an anomaly in this recording observed from 04:22:10 to
04:24:40, lasting approximately 2.5 minutes, composed of several shorter
vibrations.
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The same count will be evaluated for the VLF recording. Like the previ-
ous event, the anomaly in the seismic record was characterized by an “ini-
tialization” peak. The highest correlation coefficient was in the frequency
range of 18 kHz – 23 kHz, specifically r = 0.66, indicating a high correlation
(Fig. 6, Table 2). The data in the graphs show a similarity in the shape of
the seismic and VLF signal profiles.

Fig. 6. Time course of changes in the VLF EM field and the time course of the seismic
signal on June 1st, 2023, from 04:00:03 to 04:46:36, location Stoček 1 km from Kamenica.

They are almost identical, which likely indicates a common source, in
our case, the geological environment – slide surfaces – a landslide composed
of claystones and sandstones from the Beladice formation of the Panonian-
Pontian age.

In the data tables, it is possible to observe a phenomenon of delay in the
VLF signal ranging from 5 seconds on May 16th, 2023, to 15 seconds during
the event on June 1st, 2023. The offset observed in the VLF signal, lasting
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Table 2. Results of mathematical correlation analysis of the entire time interval of VLF
divided into 2 kHz segments from 6 kHz to 18 kHz and the seismic signal.

Time
shift (s)/ 6k–8k 8k–10k 10k–12k 12k–14k 14k–16k 16k–18k 18k–23k

VLF (kHz)

−10.000 −0.021 0.042 0.179 0.294 0.359 0.333 0.375

−5.000 −0.026 0.049 0.213 0.354 0.407 0.386 0.444

0.000 −0.031 0.046 0.248 0.420 0.450 0.447 0.514

5.000 −0.044 0.024 0.270 0.476 0.475 0.500 0.578

10.000 −0.063 −0.005 0.272 0.509 0.484 0.543 0.629

15.000 −0.061 −0.010 0.274 0.534 0.487 0.574 0.663

20.000 −0.057 −0.008 0.276 0.537 0.484 0.577 0.660

25.000 −0.069 −0.015 0.255 0.518 0.470 0.563 0.646

up to 15 seconds in one scenario (typically ranging from 0 to 5 seconds in
other cases), can be elucidated by the delayed occurrence of the VLF signal
when a specific pressure threshold in the rock mass is exceeded.

In situations involving a delayed VLF signal, its generation occurs sub-
sequent to the surpassing of a defined pressure threshold in the rock mass.
In two other cases, there is a delayed seismic signal, ranging from 0 to a
maximum of 5 seconds.

In this scenario, we can calculate the distance of the source based on the
propagation speed of seismic waves in the geological substrate under our
conditions, claystones and sandstones, seismic velocity ranging from 350 –
700 m.s−1 up to 1500 m.s−1 (Otepka et al., 1983; Tonnellier et al., 2013).
The landslide area is over 20 km long. Longer time delays of the seismic
signal than 5 seconds were not measured in either case (there were several
events throughout the year 2023, but there were two selected representative
events with VLF delay), confirming that deformations most likely origina-
tion of the monitored area.

The consideration that the microseismic signal originated from a local
source was confirmed by the fact that the frequency of the seismic signal is
high, ranging from 5 Hz to 15 Hz (Fig. 7).

Microseismic tremors in a similar frequency range captured in landslide
areas were also indicated in the work of Martinelli et al. (2020). In Figure 7,
there is an observation of nocturnal behavior of VLF (line graph overlaid
on the seismic spectrogram) and the seismic component (spectrogram). In
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Fig. 7. Comparison of night activity (04:59:56 – 07:01:50 UTC) between the seismometer
and VLF EM field on January 14, 2023, four days after rainfall exceeding 12 mm/24
hours; temperature 10 ◦C (y axis is amplitude of VLF and seismic signal, x axis is time
in hour and second).

the graphical representation, anomalies are shown at 5:45 and 6:20 in both
the seismic and VLF EM field change records. Regular anomalies in the
seismic spectrogram are caused by an anthropogenic source, specifically a
nearby water pump (a known signal that was filtered out from the correla-
tion analysis).

Online in-situ comparison of VLF EM intensity and seismic event is on
Figure 8. All known anthropogenic and natural radio anomalies, along with

Fig. 8. Online comparison VLF EM intensity and seismic signal directly via web interface
of seismometer on April 15, 2023.
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their spectral shapes, had been already described in the work (Hoffman,
2023).

4. Discussion and conclusion

Using the equipment located in the landslide zone, it was possible to record
micro-tremors and anomalies in the VLF radio spectrum. These radio
anomalies temporally and morphologically corresponded to the seismic sig-
nal recorded in the landslide. There were several events where a certain
correlation during VLF and seismic signals could be observed, but there
were two representative ones selected with the highest correlation factor.
Correlation values of 0.84 were obtained through mathematical correlation
analysis of collected and filtered data. The lowest correlation coefficient for
the analysed events was 0.36.

In total, 8 events were analysed in the time from March to June 2023.
Pearson correlation coefficient “r” was used for correlation calculation. The
frequencies, with expected anomalous signals originating from the rock en-
vironment were calculated from equation (3) and based on field observations
(sizes of cracks, speed of seismic wave propagation in given geological con-
ditions, etc.).

The seismic signal came from a local source, confirmed by the fact that
the frequency of the seismic signal was high, ranging from 5 Hz to 15 Hz.
During the mentioned time period of the observed events, deformations were
observed in the form of block detachments and creeping deformations in the
field. However, there is a belief of the captured signals, both seismic and
VLF originated in the internal deformation of the landslide slope, meaning
their source (slide surface of landslide), with a location at depths of 20 to
30 m.

Offset of the VLF signal, in one case with duration up to 15 seconds (for
other events, it ranges from 0 to 5 seconds), can be explained by the delayed
VLF signal occurring when a certain pressure threshold in the rock mass
is exceeded. In cases of delayed VLF signal, this has been generated after
surpassing a certain pressure threshold in the rock mass. Thus, the sliding
slope is in motion, but the force acting on the rocks forming the fill of the
landslide slope has not yet sufficient to create an EM impulse. This impulse
was generated only after several seconds, ranging from 0 to 15 seconds.
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In two cases, there is an assumption of delayed seismic signal because
of passing through a discontinuity in the form of transverse tectonic faults
that intersected the entire landslide area. Time delay of 15 seconds could
be explained by considering the lowest velocity of seismic wave propagation
(considered the most realistic velocity given the afore mentioned geological-
tectonic conditions) through clay and sandstone at 350 – 700 m.s−1 up to
1500 m.s−1 (Otepka et al., 1983; Tonnellier et al., 2013) and the source of
this signal with a distance up to 10.5 km.

It is also necessary to consider aquifers, as well as the fact that the
seismic wave velocity is lower in the landslide body, layers of clay and un-
consolidated sand alternate than in compact rocks (sandstone, claystone).
It’s important to consider that EM emissions originating in the geological
substrate could occur before, during, and after deformation in the landslide
body, which may distort or even explain the offset between the VLF signal
and the seismic signal.

Of course, we also verified whether the signal was not caused by elec-
tronic noise from the recording device or whether the receiving coils in the
geophone and the loop antenna themselves were not influenced by external
anthropogenic electromagnetic fields. If the coils were affected, the time of
the anomalous signal of both the seismometer and the VLF receiver would
be precisely identical (to the millisecond), but this did not occur in either
case (the measurement is covered by time accuracy using a GPS, 1PPS sig-
nal and an NTP server (accuracy 10 ms). Also, the anomalous recording
would not be visible in the infrasound component (a future publication),
which is recorded by a different principle than the geophone and VLF re-
ceiver.
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Bull. Soc. Géol. Fr., 178, 2, 149–157, doi: 10.2113/gssgfbull.178.2.149.

81
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Jaroševič A., Kundraćık A., 2004: Measurement of the natural high-frequency mag-
netic field (PEE) in the boreholes using FJV99 selective picoteslameter. EGRSE,
Int. J. Explor. Geophys. Remote Sens. Environ., XI, 1-2, 8–12.

Kharkhalis N. R., 1995: Manifestation of natural electromagnetic pulse emission on land-
slide slopes. Geophys. J., 14, 4, 437–443.
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