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Občasne merit�e VLF radijskih signalo� in šumo� � Črni jami 
(Postojnska jama)
V Črni jami, ki je del Postojnske jame, smo v letih 2012 in 
2013 občasno opravljali podzemne meritve VLF (zelo nizko 
frekvenčnih) radijskih signalov za določitev možnih pred-
seizmičnih in/ali drugih nepravilnosti. želeli smo določiti 
primernost meritev VLF v naravnem okolju kraške jame. Spre-
memba VLF signala je bila povezana z močno vremensko fron-
to in spremembami nivoja padavin. VLF podatki so pokazali 
dnevne in nočne spremembe ter izrazite spremembe med suhi-
mi in deževnimi obdobji, ko je voda s površja skozi okrog 30 m 
debel jamski strop prišla do jamske dvorane. Med merjenjem 
VLF nismo dobili pred-potresnega signala. VLF monitoring v 
kraški jami je lahko možnost za prihodnje raziskave razume-
vanja pred potresnih in drugih nepravilnosti. Povezava v rea-
lnem času z drugimi VLF površinskimi ali jamskimi merilnimi 
mesti v Evropi je potrebna za prihodnje VLF meritve. Rezultati 
predhodnih meritev VLF so pokazali, da je Črna jama prime-
rno mesto za raziskave v prihodnosti. 
Ključne besede: VLF radijski signali, šumi, pred-potresne ne-
pravilnosti, Črna jama, Slovenija.
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Abstract  UDC 551.44:621.391.81(497.471) 
Igor Kachalin, Oleksandr Liashchuk & Stanka Šebela: Peri�
odical measurements of VLF radio signals and noise sounds 
in Črna Jama (Postojnska Jama)
In Črna Jama, which is part of Postojnska Jama, underground 
measurement of VLF (Very Low Frequency) radio signals was 
periodically carried out in 2012 and 2013 for detection of pos-
sible pre-seismic and/or other anomalies and to ascertain suit-
ability of VLF monitoring in a natural cave environment. The 
modulation of the VLF signal was connected with a powerful 
atmospheric front and changes of the precipitation level. VLF 
data showed day and night changes and also significant chang-
es between dry and rainy periods when water from the surface 
reached the cave chamber through about 30 m of limestone 
roof. During VLF monitoring we did not receive earthquake 
precursor signals. VLF monitoring in a karst cave could be an 
option for future research in understanding pre-seismic and 
other anomalies. On-line connection with other VLF surface 
or cave monitoring sites in Europe is necessary in future VLF 
registration. Results of preliminary VLF monitoring showed 
Črna Jama to be a suitable place for future studies.
Key words: VLF radio signals, noise sounds, pre-seismic 
anomalies, Črna Jama, Slovenia.

INTRODUCTION

within the BlackSeaHazNet project (FP7 PEOPLE-2009
-IRSES-246874, Complex Research of Earthquake’s Pre-
diction Possibilities, Seismicity and Climate Change Cor-

relations) geophysical observations were made in Črna 
Jama, which is part of Postojnska Jama, Slovenia. Under-
ground VLF (Very Low Frequency) radio signal moni-
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toring was periodically done in 2012 and 2013 (Kachalin 
et al. 2013) for detection of possible pre-seismic and/or 
other anomalies. 

Postojnska Jama is the second longest and most 
visited touristic cave in Slovenia. Historic geophysical 
researches in the cave had already started in 1932 when 
horizontal pendulums with photographic recording were 
installed. The studies were important for understanding 
Earth tides, underground karst hydrology and seismol-
ogy (Carnera 1933). More recently, in 2004 two opti-
cal-mechanical crack gauges (TM 71) were installed in 
Postojnska Jama within the Dinaric oriented fault zone 
(Nw–SE). Both instruments showed small (up to 0.08 
mm) micro-tectonic displacements (Gosar et al. 2009; 
Gosar et al. 2011; šebela et al. 2010). The same instru-
ments are used in numerous European caves (Briesten-
ský et al. 2014; Stemberk et al. 2010). Two-dimensional 
optical measurement of the tilt of a rock mass by a static 
vertical pendulum in Magdalena Jama (part of Postojn-
ska Jama) showed the existence of stress variations that 
are not only of local origin (high floods, local seismic-
ity, and aseismic deformations) but can be observed very 
far from the origin (Kalenda et al. 2013). Temporary 
seismological measurements confirmed that Postojnska 
Jama is suitable for installation of a permanent seismic 
station with future real-time integration of seismologi-
cal data within the Slovenian and Italian seismological 
networks (živčić et al. 2014). Due to a good infrastruc-
ture (optical cable, electricity, good access from different 
cave entrances to outside cave infrastructure, cave train) 
Postojnska Jama is becoming an optimal site for different 
geophysical studies.

Črna Jama, which is a not very frequently visited 
part of Postojnska Jama, was chosen for the first period-
ical VLF monitoring in Slovene karst cave. Similar stud-
ies are described from other locations in Europe. Detec-
tion of electric, magnetic and seismo-acoustic signals 
was carried out in Amare Cave (Gran Sasso – L’Aquila, 
Italy). In “quiet” state only electric and magnetic signals 
with highest frequencies have appeared, which were 
connected with radio broadcastings and with lightning 
activity of the Earth. A “perturbed” state was connected 
with rainfall, atmospheric-pressure variations and ther-
mal effects. It was recorded that micro-movements of 
the limestone blocks over the cave roof were invoked for 
production of seismo-acoustic signals (Bella et al. 1995). 
On 25 August 1992 an earthquake (M = 3.9) occurred 
less than 20 km far from Amare Cave (Gran Sasso – 
L’Aquila, Italy) and on 4 June 1993 another earthquake 
(M = 4.3) occurred in Umbria, 100 km north from Am-
are Cave. Before these two earthquakes electromagnetic, 
seismo-acoustic, and RMC (Principality of Monaco) 
long wave broadcasting (216 kHz) data showed anoma-

lies that can be considered earthquake precursors (Bella 
et al. 1996). 

Through international initiative INFREP, originated 
in Italy, VLF/LF radio receivers are deployed in different 
locations in Europe. Studying the ionosphere influences 
on the electromagnetic waves’ propagation along a cer-
tain path is a method to evidence possible modifications 
of ionosphere lower structure and composition as earth-
quake precursor. At some monitoring sites the electric 
component of the electromagnetic field was probably in-
fluenced by the local atmospheric conditions (Moldovan 
et al. 2012). 

Since 2009 a network of VLF (20 – 60 kHz) and 
LF (150 – 300 kHz) radio receivers (three in Italy, one 
each in Austria, Greece, Portugal, Romania, Russia and 
Turkey) is operating in Europe to study the disturbances 
produced by the earthquakes on the propagation of these 
signals. The radio data collected during April – May 
2011 were studied using the wavelet spectra, the Prin-
cipal Component Analyses and the Standard Deviation 
trends. Evident anomalies were revealed both in the sig-
nals broadcasted by the TRT transmitter (180 kHz) lo-
cated near Ankara and in a VLF signal coming from a 
transmitter located in western Europe and collected by 
the receiver TUR of the network located in eastern Tur-
key. Evident precursor phases were pointed out (Biagi 
et al. 2012).

ELF (Extremely Low Frequency)-VLF emissions 
occurred during fracturing of rocks, in laboratory exper-
iments, and have been recorded also before earthquakes 
by three ELF-VLF stations installed in Central Apen-
nines. From August 2003 to September 2005 the signals 
occurred a few days before the occurrence of M ≥ 4.5 
earthquakes in the surrounding region (100 – 300 km) 
(Nardi et al. 2007).

Mechanical loading (opening cracks) is accompa-
nied by the production of electromagnetic emissions 
(EME) and acoustic emissions (AE) in a wide frequency 
spectrum ranging from the kHz to the MHz bands (Con-
toyiannis 2015 and references therein).

Similar anomalies are not only reported during 
earthquakes but also during volcanic activities. On 27 
October 2002 Etna (Sicily) started an eruption that was 
still active in January 2003. The CLT (f = 189 kHz, Sic-
ily, Italy) radio-signal decreases appear clearly related to 
previous activities with some possible premonitory be-
haviour (Biagi et al. 2004).

Modern studies capture natural and man-made 
VLF radio emissions, as was the case of low Earth orbit-
ing microsatellite DEMETER, which objective was the 
search for ionospheric disturbance possibly generated 
by pre-seismic activity and study of space weather and 
ionospheric phenomena (Parrot et al. 2015).
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METHODOLOGy AND SITE DESCRIPTION

In the period of 6–7 September and 14–20 September 
2012, Črna Jama (Fig. 1) provided the pilot experiment 
site of the underground registration of the radio emission 
of VLF transmitters. Simple experimental equipment was 
used for registration of the radio signals in the band of 
3−20 kHz:
- computer for digitizing and “in-situ” data processing
- miniature VLF receiver/amplifier
- around 140 m of linear antenna.

The complex instrumentation was installed on the 
bottom of the cave (Fig. 1). At the period of installation 
and tuning of the instrumentation few places for long 
length antenna were tested. The main requirements for 
the installation included:
- minimal electromagnetic noise

- power supply 220 V
- no (or very low) human presence.

The first place for antenna installation in 2012 was 
in the artificial tunnel at the southern part of the cave. 
Testing of the recording data showed high electric noise 
coming from underground high voltage cable in the tun-
nel. This first location of the antenna cable was therefore 
changed to another. The second location of the antenna 
cable was around the central part of the cave (Fig. 1). 

In 2013 the installation of the experimental VLF 
equipment in Črna Jama for continuous receiving of the 
radio transmitter signals in the VLF band was done from 
27 September to 11 October 2013. Before field installa-
tion the VLF receiver was tested in an office at Karst Re-
search Institute ZRC SAZU Postojna, Slovenia (Fig. 2).

Short-term earthquake precursors are generally 
non-seismic and equipment developed for seismology is 
not designed to detect them. Observations of precursors 
have not yet been perfect enough and some fundamen-
tal aspects of non-seismic precursors are still unresolved 
(Uyeda et al. 2009).

The aim of the underground VLF monitoring in 
Črna Jama was to detect VLF radio signals and noise 
sounds, to determine possible pre-seismic and/or other 
anomalies, and to ascertain suitability of VLF monitor-
ing in a natural karst cave.

Fig. 1: Črna jama and VLF monitoring experimental sites in 2012 and 2013. 
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we wanted to put one receiver in the cave and another on 
the surface above the cave (Fig. 4). we also wanted to put 
one antenna in the cave and the other on the surface. But 
because we did not get official permission for installation 
in the forest on the surface it was not possible to do this. 

The principal scientific contribution of the investi-
gation was the use of non-traditional techniques – under-
ground VLF measurements for studying and analysing 
the possibility of using the passive method of register-
ing of the variations of the power of carrier frequencies 
from VLF transmitters in the caves at an underground 
receiver as possible pre-seismic anomalies.

RESULTS AND DISCUSSION

During two short period installations of the experimen-
tal equipment in 2012 the results (Figs. 5 and 6) showed 
“modulation” of the VLF signal connected with powerful 
atmospheric front and change of the precipitation level 
(Fig. 7).

In 2013 a nearly one month long continuous un-
derground VLF registration in Črna Jama (Figs. 8 and 9) 
showed similar conditions as in 2012. VLF signal “mod-

ulation” was connected with changes in meteorological 
conditions.

The preliminary measurements of the experimen-
tal underground recording of VLF signals gave promis-
ing results. we propose the use of VLF (with ELF and 
LF in the future) passive observations in combination 
with traditional geophysical technologies for monitoring 
cave conditions and registration of possible pre-seismic 
anomalies. 

In 2013 two cable antennas were installed in Črna 
Jama (Figs. 1 and 3). Each was 100 m long. One was in 
general direction E−w and another in N−S. The one in 
N−S direction did not give good data because a high volt-
age electric cable was running nearby. In our first plans 

Fig. 2: testing of the VLF receiver in office before installation in 
the cave (Photo: S. šebela).

Fig. 3: Installation of the VLF equipment in 2013 with Črna jama 
cave entrance in the back (Photo: S. šebela). 

Fig. 4: Intended configuration of VLF monitoring in Črna jama, 
which was not fully accomplished.
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Fig. 5: Waterfall spectra of the 
receiving broad band signal at 
Črna jama on 6 September 2012.

Fig. 6: One day (24 hours) ampli-
tude variation in 2012 of the ob-
served frequency 15.9 khz. Ver-
tical relative numbers are about 
10 db.

Fig. 7: Processed VLF data 
(14−20 September 2012). In the 
ellipse is shown “modulation” of 
the VLF signal connected with a 
powerful atmospheric front and 
change of the precipitation rate.
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equipment and for detection of possible earthquake pre-
cursor signals.

Processed data and complex analyses of the raw 
data collected by the experimental VLF equipment in 
Črna Jama, are together with meteorological, seismic 
and INTERMAGNET (http://www.intermagnet.org) 
data, suitable for definition of the working regime of the 

Fig. 8: VLF data from Črna jama 
processed and analysed for the 
period 27 September to 11 Octo-
ber 2013.

Fig. 9: VLF data from Črna jama 
in the period 4−11 October 2013 
with “modulation” of the VLF 
signal.

CONCLUSIONS

In 2012 VLF monitoring covered a period of one day and 
another period of one week; and in 2013 we made nearly 
one month of continuous underground recording in Črna 
Jama. The experimental underground registration of the 
VLF radio transmitter is a validated possibility that can 
be used in future observations. VLF data showed day and 
night changes and also significant changes between dry 
and rainy periods when water from the surface reached 
the cave chamber through about 30 m of limestone roof. 

Regular noise probably related to unknown radar signals 
was detected. During VLF monitoring we did not receive 
an earthquake precursor signal. VLF monitoring in karst 
cave is a promising option for future researches in under-
standing pre-seismic anomalies but it has to be continu-
ous for more years with registration in real time. On-line 
connection with other VLF surface or cave monitoring 
sites in Europe is necessary in future VLF registration.

IGOR KACHALIN, OLEKSANDR LIASHCHUK & STANKA šEBELA
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